Maleic hydrazide (1, 2-dihydropyridazine-3, 6-dione) is an organic plant growth regulator which has found use in such varied areas as prevention of sucker formation in tobacco, prevention of sprouting of some stored vegetables, and as a herbicide. In commercial application the diethanolamine salt (diethanolammonium maleic hydrazide or diethanolammonium-1 ,2-dihydropyridazine-3, 6-dione) is often used.
Because of the nature of the use of maleic hydrazide, many workers have been concerned with its effects on soil microorganisms. Lembeck and Colmer (1957) found in their work with the herbicide and its components that some of their bacterial isolates were not only not harmed by field rates of application but could use the herbicide in their metabolism. One of these organisms, A Icaligenes faecalis, when growing in the presence of diethanolammonium maleic hydrazide, produced a gummy material which caused the medium to become quite viscous. Originally it was thought that this reaction was a characteristic response limited to the maleic hydrazide salt; later work, however, showed this not to be true. It was shown by Magee (1958) that the gum was a polysaccharide composed of glucose units. This report is concerned with gum formation by A. faecalis under different cultural conditions.
MATERIALS AND METHODS
The organism used was A. faecalis strain C-13 from a solution of diethanolammonium maleic hydrazide. The maleic hydrazide, the diethanolammonium maleic hydrazide, and the diethanolamine were secured from the Naugatuck was Burk's nitrogen-free salts mixture (Wilson and Knight, 1952) . This medium was altered by the addition or removal of various constituents when necessary for the different experiments.
Viscosities of the gums produced by the test organism were measured with the Brookfield multi-speed viscometer. The viscosities are represented in centipoises (cps), but because of slight modifications introduced into the procedure, the values are relative rather than absolute. The instrument was calibrated with 95 per cent cp glycerin with a specific gravity of 1.244 at 32 C. The viscosity of the glycerin was 255 cps when measured by the modified procedure. The viscosity measurements were performed in a glass hydrometer cylinder with an internal diameter of 3.7 cm and a height of 15.2 cm, using 100-ml quantities of the test liquid.
When it was desired to estimate the approximate number of bacteria present in a particular test, the dilution to extinction procedure was used with nutrient broth as the medium. Another experiment demonstrated the ability of ammonium sulfate to prevent gum formation in media which were otherwise highly conducive to gum formation. Table 2 shows the results of a typical experiment. Each medium without ammonium sulfate contained the nitrogen source in an amount sufficient to give a nitrogen concentration equivalent to that of 0.60 per cent peptone. The media which contained ammonium sulfate also had this nitrogen concentration, but in these media ammonium sulfate served as the Effect of carbon to nitrogen ratio on formation of gum. Preliminary experiments showed that 0.59 per cent maleic hydrazide as the diethanolammonium salt and 0.60 per cent peptone were the optimal concentrations of these nitrogen sources for gum production. The carbon to nitrogen ratio was varied by adding glucose to the media in concentrations ranging from 0 to 10 per cent. After 5 days incubation with shaking there was no appreciable difference in the final pH and in cell numbers of the different media. In the diethanolammonium maleic hydrazide medium the viscosity reached a maximum when the glucose concentration was 2 per cent, then decreased gradually as the glucose concentration was increased. The maxmal viscosity in the peptone medium was reached with 4 per cent glucose and then the viscosity decreased gradually as more glucose was added. per cent to a medium ordinarily conducive to gum formation resulted in a marked decrease in gum production, although growth was apparently unaffected. The addition of sodium chloride to the medium also resulted in a decrease of viscosity, but a concentration more than 10 times as great was required to produce an effect equal to that of ammonium sulfate. The viscosity of presynthesized gum was not altered appreciably by the addition of these salts. Effect of aeration and incubation time on gum production. Effect of initial pH on gum formation. Media optimum for gum production with regard to glucose and diethanolammonium maleic hydrazide or peptone were made to have pH values with 0.5 unit increments from 5.0 to 9.0.
RESULTS

Effect
Cell estimates made on the cultures after 5 days of incubation with aeration showed that growth was greatly inhibited in the diethanol ammonium maleic hydrazide medium at pH 5.0 and was slightly inhibited at 5.5 and 6.0. All other cultures showed essentially the same final cell numbers.
The Not only was temperature a factor affecting gum production, but, as expected, the temperature of the gum during viscosity measurement was found to modify the viscosity. Table 5 shows that a sharp decline in viscosity occurred between 60 and 70 C. Table 5 also shows the unexpected viscosity change in the peptone gum which had been heated to 80 C, cooled to 30 C and then retested for its viscosity. This gum showed a large increase in viscosity over that which it had shown when previously tested at 30 C.
DISCUSSION
The results of this study indicate that polysaccharide formation is a normal activity of this strain of A. faecalis, and that it varies greatly depending upon environmental and nutritional factors. Of the factors observed in relation to their effect on gum production, four produced marked results. Inadequate aeration, elevated temperature during incubation, omission of magnesium sulfate from the medium, and addition of ammonium sulfate to the medium greatly reduced the amount of gum formed.
Effect of aeration on gum formation. Other workers have noted that the production of certain polysaccharides by bacteria is affected by the oxygen tension of the environment. Hestrin, Aschner, and Mager (1947) observed that oxygen is required for the synthesis of cellulose by Acetobacter xylinum. Bernheimer (1953) showed that oxygenation increased the production of polysaccharide by Diplococcus pneumoniae. Duguid and Wilkinson (1953) found less polysaccharide produced when there was a reduction in the available oxygen, and they suggested that this was due to a reduction in the amount of available energy from the given sugar supply, thus leading to a restriction of the rate of growth.
The results of this study on aeration effects
show that the rate of gum formation increased in aerated cultures after cell growth had reached a stationary level, and gum continued to be formed after no appreciable increases in cell numbers occurred. Very little gum was produced in unaerated cultures and yet only slightly lower cell numbers were apparent.
The over-all results indicated that aeration resulted in rapid growth of the cells with little polysaccharide formation, followed by a static growth condition accompanied by a continuous increase in gum. It is suggested that the aerated cultures grew rapidly with oxidative assimilation of the glucose and with the consequent storage of large amounts of energy within the cells. When the multiplication of the cells was then limited, possibly by the exhaustion of the nitrogen source or other essential nutrients, the stored energy was used to convert the excess carbohydrate to polysaccharide. Cells growing with a restricted oxygen supply would not completely oxidize the substrates and would therefore fail to store sufficient energy to promote the polymerization of the excess glucose.
Effect of temperature on gum formation. Although it has been observed that incubation temperatures between 23 to 27 C are highly conducive to gum formation by A. faecalis and temperatures between 28 to 37 C markedly inhibit gum formation, further studies are required before a satisfactory explanation for this phenomenon can be offered.
Effect of magnesium on gum formation. Hoogerheide (1939, 1940) , Duguid (1948) , Bernheimer (1953) , and Duguid and Wilkinson (1953, 1954) have shown the relation of inorganic components of the medium to polysaccharide production. Clifton (1957) stated that polysaccharides can be dissimilated under the influence of a phosphorylase with the uptake of inorganic phosphate to yield glucose 1-phosphate. This reaction involves only a slight change in free energy and is reversible, thus providing for synthesis as well as for dissimilation. The equilibrium in phosphorolysis is controlled primarily by the relative concentrations of glucose 1-phosphate and phosphate ions. Any decrease in the concentration of phosphate would favor polysaccharide synthesis.
Omission of phosphate from the medium in these experiments did not result in any appreciable change in the amount of gum formed. It was concluded that other ingredients in the medium probably contained sufficient phosphate as a contaminant to modify the test.
Omission of magnesium from the medium, however, produced a marked decrease in the amount of gum. Magnesium ion is required for Tabor and Hastings (1943) reported that a rather large proportion of intracellular magnesium is probably present in nonionic form because of the incomplete ionization of MgHPO4.
Obviously the presence of many types of inorganic and organic ions would affect the solubilities and ionizations of these compounds, but it is suggested that the addition of ammonium ions to the media resulted in a binding of the magnesium ions as poorly ionized or insoluble salts so that the concentration of magnesium was reduced below the concentration necessary for the formation of polysaccharide, but not below the concentration required for cell synthesis.
That this is not the complete explanation for this phenomenon is shown by the fact that NaCl, in higher concentration, can also inhibit gum formation.
In the case of the medium containing ammonium sulfate as the sole source of nitrogen, additional factors must be considered. An organism growing in such a medium would be forced to utilize the carbon skeleton from the glucose for the synthesis of amino acids and with the consumption of a larger amount of energy than would be consumed in a medium containing peptone with its preformed amino acids. It would be expected that in the glucose-peptone medium there would be a larger excess of the carbohydrate and a larger store of cellular energy, both of which could be utilized in the polymerization of the carbohydrate to form the polysaccharide.
SUMMARY
The diethanolammonium salt of maleic hydrazide, maleic hydrazide, diethanolamine, ammonium sulfate, and peptone served equally well as nitrogen sources for Alcaligenes faecalis, but differed widely in their induction of gum formation. Ammonium sulfate as sole nitrogen source in the medium produced no gum, maleic hydrazide produced little or no gum, diethanolamine produced very small amounts of gum, diethanolammonium maleic hydrazide produced moderate amounts of gum, and peptone was conducive to the production of extremely large amounts of gum. The addition of ammonium sulfate to a medium containing peptone resulted in the complete absence of gum formation.
As the carbon source, glucose, fructose, sucrose, and mannitol were conducive to the formation of essentially the same amounts of gum by A. faecalis. Gum production varied slightly with the carbon to nitrogen ratio, and maximal gum formation occurred in media containing either 2 per cent glucose and 0.59 per cent maleic hydrazide as the diethanolamnmonium salt or 4 per cent glucose and 0.60 per cent peptone.
Omission of magnesium sulfate from the medium resulted in a marked decrease in gum production in media containing diethanolammonium maleic hydrazide and glucose or peptone and glucose.
Aeration of the culture with either diethanolammonium maleic hydrazide or peptone as the nitrogen source was conducive to rked gum formation. Most gum formation appeared to occur after the log phase of growth had ceaed.
Incubation temperatures between 23 and 27 C were optimum for gum formation. Temperatures between 28 and 37 C permitted growth but gum formation was greatly diminished.
Increasing the temperature of the gum at the 
